I. INTRODUCTION
It is understood that RF MEMS technologies are emerging rapidly in the wireless communications field. It has been largely demonstrated that this type of technology will allow to improve the performance of a number of existing circuits such as varactor, filter, phase shifter, impedance synthesizer ... furthermore, this technology will enable the creation of innovative component having more than one functionality such as reconfigurable circuit andlor antenna. This capability is the most important advantage in term of implementation at the industrial level. Nevertheless, at this stage a lot of issues still have to be solved in term of technology yield, reproductibility, reliability, power handling and packaging. Among these issues, the reliability and the packaging are the most crucial as today the situation is not clear and the reliability behavior exhibited by the RF MEMS devices are slowing down their implementation at the industrial level. Despite a lot of works already done in this area, there is a lack of information concerning the degradation mechanisms, the factors to accelerate them in order to have mme safety area definition as in conventional Integrated Circuit technology. Today, the most popular method to evaluate the relaibility of a moveable RF MEMS like a switch deals with cycling processes that are in our point of view not reprensatative of the "real world". In this paper, we will outline the results that have been already presented concerning the reliability behavior of RF MEMS devices and circuits and we will try to give some issues in order to better address the reliability performances andlor to improve their reliability behavior.
OVERVIEW OF RF MEMS TECHNOLOGY
The first technological developement of MEMS has been actually related to low insertion loss filter. One way to overwme the substrate limitations has been firstly developped by L. Katehi [l] consisting to use bulk micromachining techniques in order lo insure a quasi free space behavior. Using this technology, P.Blondy et al have demonstrated very impressive filter performance at 60 GHz [2] . Other extensive works have been done in this field and they can be found in [3] .
The other key component is the micro switch that will replace the conventional p-i-n diode or FET based switches. The first demonstration of an electromechanical switch has been done by C. Fig2 : Experimental mechanical resonance Another quantity play an important role which is related to the roughness and the corresponding strain within the device. Using evaporated or electrolytic metallizzation will turn into different behavior as evaporated metallization will feature a better roughness hut a higher strain. So it will be important to compromise the roughness and the strain within the structure. The next point deals with the temperature dependence with respect lo the microwave performance. We have conducted microwave measwements with respect to different temperatures on MEMS based filter and we have observed a change in the resonance frequency which has been correlated with some strain modification. More results concerning the fixed MEMS based components will be given at the conference. We will now present some results concerning the moveable devices (i.e resistive and capacitive switches). The first point deals with the strain in the moveable part which can t u n to a buckling effect. This effect could be related to the technology itself andlor to the ambient environment (i.e temperature). It is important to well monitor the stress and to well control the stress during the technological process and also to ensure that the switch topology will not be too sensitive to the temperature variation. Concerning the resistive switch the main problem is related to the modification of the contact resistance which in turns to a modification of the microwave behavior. Concerning the capacitive switch, the situation is more complex and is mainly related to the dielectric behavior with respect to the high electric field used to actuate the device. Preliminary results have shown that the high electric field is responsible for trapping, tunneling and resulting failure of the device. One equation can be used to describe some mechanism related to Frenkel Poole emissions [20] . This equation shows that the degradation mechanism is dependent of the actuation voltage, the banier height, the temperature, the residuyal charge, and the film characteristics. Today, all the results presented exhibit a modification of the dielectric characteristics which in turns to screening effect or stiction effect. Note that sometimes these effects are recoverable.
An example of degradation mechanism is presented in figure 3 . We have first applied a positive stress bias during 30min and 60min. The results are presented in min positive DC suess duration The first comment suggested by the curves is related to a modification of the actuation behavior of the switch during the stress experiments. The results indicate a positive drift of the threshold voltages which is relevant with the presence of a remaining electric field across the dielectric. From OV to +30V, the drift is related to a screening effect of the external field by the remaining internal one. From -3OV to OV, the two electric fields are in the same direction which in turns to a decrease of the absolute value of the threshold voltages. Furthermore, it is shown that the degradation mechanism is accelerated by the stress time. In order to get a better understanding of the degradation mechanism, we have applied a similar procedure featuring a negative stress bias for 30min and 60min to check an eventual recovering behaviour. we observed a negative drift of the threshold voltages which demonstrates a certain level of recovery. We have compared the threshold voltages before the DC stress and after a positive followed by a negative stress and the results indicate that the recovering effect is not complete. Actually, we have observed that the negative stress turns out to a larger degradation mechanism which probably indicates that the dielectric is more sensitive to the negative stress than to the positive one. Another possibility could be 33rd European Microwave Conference -Munich 2003 a difference between the charging and releasing time of the dielectric.
Finally, we have done some cycling experiments at a frequency of 5 Hz and we have observed that in some case we could have two stictions effect. One occured after 300000 cycles which corresponds to a bridge position in between the on and off state and a second stiction effect around 1 Million cycles. We also have observed that sometimes, there is some recovery effect during the cycling process which is probably associated with some charges evacuation. Concerning the cycling process, it is now understood that it is not the right mean to assess the reliability of the device as the cycling frequency is a key parameter when trapping effect are involved. I.De Wolf 1211 has shown that the key parameter was the contacting time of the upper membrane with the dielectric. We have furthermore observed that the way the dielctric is deposited is playing an important role in term of residual charges and of accumulated charges. More results will be given at the conference.
1V CONCLUSIONS
This paper outlines the reliability properties of MEMS based devices and circuits. We have shown the experimental test set that have to be used to assess the reliability behavior. Conceming the resisitive switch the main problem is related to the contact resistance when dielectric charging is the factor limitating the reliability of capacitive switches. Concerning the solution preconized to improve it. We can propose to have thicker dielectric but in this case, we will have to use higher permittivity material to insure similar isolation or to modify the topology of the switch. Another solution deals with separation of the actuation electrode and the RF electrode. Another solution is to optimise the dielectric properties with respect to the residual and accumulated charges. But w e are convinced that an important solution cnuld be related to an appropriate design topology. For instance a double electrode structwe will turn to a distribution of the actuation voltage and then will turn to a smaller electric field applied to the dielectric resulting to an improved reliability behavior. Another solution could be to use different actuation method (thermal or magnetic) that are featuring lower electric field. Finally, there is some applications where it will be easy to have a great reliability behavior. In a case of an SPDT for redundancy applications, we will show a topology featuring a high degree of reliability.
We want to conclude by saying that reliability behavior of RF MEMS is at this time mainly related to the youngness of this type of technology.
